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Dear Dr. Fortenberry: 
During the Spring Quarter of 1994, we taught the course "Nondestructive Testing of Infrastructure" (CE 
4153) for the first time. The students' reaction to the course was very positive as indicated by the 
Course/1nstructor Evaluation survey conducted near the end of the class. The results of the survey were 
included in a letter to you dated July 13, 1994. 
This Spring Quarter we will again teach the course. At present there are 35 students (the maximum) pre-
registered for the course. The course is now a critical component in a larger effort by the School of Civil and 
Environmental Engineering at Georgia Tech to develop an undergraduate curriculum focusing on 
Infrastructure Assessment, Rehabilitation, and Reconstruction. This effort is funded by an NSF Combined 
Research - Curriculum Development grant (EEC-9420522). This CRCD grant has provided resources to 
conduct extensive educational assessment of the effectiveness of the nondestructive evaluation course. The 
quantitative assessment will be performed during the upcoming Spring Quarter. 
We have also taken steps during the past several months to assure that the course material is able to be 
disseminated to other civil engineering undergraduate programs who would like to incorporate a course in 
nondestructive evaluation in their curriculum. We are the most optimistic about electronic dissemination of the 
course material via the World Wide Web. Attachments to this progress report show a selection of the "Web 
pages" that are currently being developed. At the current time, these Web pages are unavailable to those 
outside of Georgia Tech because they are not yet complete. The course is also the subject of a poster 
presentation in the NSF/ILI session (No. 1626) at the upcoming American Society for Engineering Education 
Annual Conference and Exposition in Anaheim, California (June 25-28). 
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If you have any questions or comments about the development of the nondestructive evaluation course, we 
would enjoy hearing from you. Thank you again for providing the resources that have made it possible to teach 
this course. 
Very truly yours, 
Glenn J. Rix 
Assistant Professor of Civil and 
Environmental Engineering 
Laurence J. Jacobs 
Associate Professor of Civil and 
Environmental Engineering 
"Caution: Load Limit 60,000 ksi" 
Georgia Institute of Technology 
School of Civil & Environmental Engineering 
CE 4153 — Non—Destructive Testing and Evaluation 
Instructors: 
. Laurence J. Jacobs , Ph.D. 
. Glenn T. Rix, Ph.D.  
This course is an introduction to the use of nondestructive testing methods to 
evaluate the condition of civil engineering works. Special emphasis is placed 
upon the development of theoretical and experimental methods, and the connection 
between the two, to enable the student to gain a concrete understanding of the 
nature of the tests and the indications of the results. 
As part of the growing curriculum on Infrastructure Assessment, Rehabilitation, 
and Reconstruction, the NDT class offers an enlightening perspective into many 
of the issues of real—world Civil Engineering. Commonly, an engineer is not 
called upon to design a new structure, but to verify the integrity of an 
existing one to see if redesign or rehabilitation is necessary. 
Throughout the course of the quarter, students will learn the theoretical 
background necessary to apply the use of non—destructive techniques. Vibrations, 
wave propagation, signal processing and frequency analysis will all be touched 
upon so that the evaluation may be made of the character of the material and 
defect existence and location. Many hands—on experiments will be conducted and 
simulations performed to give the students a feel for the actual nature of the 
test. Several field trips will also be taken to see and use actual equipment in 
a real—world environment. 
Audio Summary 
Caution! This area is under construction. 
Course Outline 
Intro to Elastic Wave Propagation  
Intro to Signal Processing and Frequency Analysis 
Ultrasonic Evaluation of Structural Materials  
Acoustic Emission Techniques  
Intro to Vibrations and Structural Monitoring 
Michael Benz 
School of Civil & Environmental Engineering, Georgia Institute of Technology 
Atlanta, Georgia, 30332-0355, USA> 
Internet: hertz@eiffel.ce.gatech.edu  
Above picture is an unauthorized, edited, scanned image from Smithsonian 
Magazine. 
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Georgia Institute of Technology 
School of Civil & Environmental Engineering 
CE 4153 — Non—Destructive Testing and Evaluation 
Elastic Wave Propagation in Solids 
Elastic waves in solids share many of the behaviors intuitive to waves in the 
ocean or even radio waves in the electromagnetic spectrum. However, the 
visualization of waves through the use of strings and Slinkys (tm) may provide 
the most direct image of the relationship between the material and the wave. 
The three principal types of waves are: 
Plane Waves  
M Spherical Waves  
Surface Waves 
Behavior of waves and theory of propagation 
To better understand the mathematics that explain the theory of the behavior of 
elastic waves in solids, let's GEOMETRICALLY restrict ourselves for a moment to 
1—dimensional solutions. Consider this 'half—space': 
A half—space only has material to the RIGHT of the origin. Everything to the 
left is air. Yet the material is infinitely tall and long. The importance of 
this concept becomes clear when we examine the effects of an impact on the left 
edge. If we hit the left end with an infinitely big, flat surface, we would get 
plane waves that would propagate down the material — these are 1—dimensional 
longitudinal waves. They would propagate in the positive x—direction. The 1—D 
wave equation is: 
1 —D Wave Equation 
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To solve for the stresses and displacements in this case, we'll consider a long, 
thin bar, and use a differential equations approach called D'Alembert's 
Solution. 
Show me the derivation... 
Back to CE 4153 Home page 
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Georgia Institute of Technology 
School of Civil & Environmental Engineering 
CE 4153 — Non—Destructive Testing and Evaluation 
Plane Waves 
Plane waves are defined as waves which, on a plane perpendicular to the 
direction of propagation, have constant solutions for the stresses, strains, and 
displacements. Therefore, these equations hold true: 
Ux = Ux(x,t) 
Uy = Uy(y,t) 
Uz = Uz(z,t) 
We can commonly represent this type of wave as a planar wave front travelling 
along an axis, called the direction of propagation. 
(GIP goes here) 
There are two types of plane waves: longitudinal and transverse, or shear, 
waves. These can be explicitly defined by their mathematical equations: 
Longitudinal Waves: 
Transverse Waves: 
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Transverse Wave — vertically polarized 
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The transverse type can be either vertically or horizontally polarized, with the 
direction of the stresses 'up' and 'down' or 'in' and 'out' of the screen. These 
are called SV and SH waves, respectively. 
Back to Elastic Waves 
Back to CE 4153 Home page 
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FINAL REPORT: 
Civil engineers play a central role in the nation's effort to renew 
our infrastructure. Most undergraduate civil engineering curricula 
focus on the analysis and design of new structures. In many 
instances, these skills are different than those required to assess 
the rehabilitation needs of existing structures. A new course, 
Nondestructive Evaluation of Infrastructure, has been developed and 
taught to students in Georgia Tech's School of Civil and Environmental 
Engineering to adequately prepare them to select and use 
nondestructive test methods. Funds provided by the project were used 
to purchase nondestructive test equipment for use in the class. 
The course focuses on a variety of nondestructive test and evaluation 
methods including stress wave and electromagnetic techniques. These 
techniques are based on physical principles such as propagation delay 
(i.e., travel time), resonance, and dynamic stiffness. For each 
method, the lectures and laboratory sessions examine the principles 
and theories that form the basis of the method; test procedures and 
equipment; and interpretation and use of the test results. During the 
last week of class, student groups are given real and hypothetical 
problems and must prepare proposals for using nondestructive test 
methods to locate voids and flaws, determine the geometry of a 
structure, and measure physical properties of infrastructure 
components. 
The course has been offered annually at Georgia Tech with an average 
enrollment of approximately 35 students. 
